Objective To investigate how birthplace influences the incidence of papillary thyroid cancer among Asian American women. Methods Birthplace-and ethnic-specific age-adjusted and age-specific incidence rates were calculated using data from the California Cancer Registry for the period 1988-2004. Birthplace was statistically imputed for 30% of cases using a validated imputation method based on age at Social Security number issuance. Population estimates were obtained from the US Census. Incidence rate ratios (IRR) and 95% confidence intervals (CI) were estimated for foreign-born vs. US-born women. Results Age-adjusted incidence rates of papillary thyroid cancer among Filipina (13.7 per 100,000) and Vietnamese (12.7) women were more than double those of Japanese women (6.2). US-born Chinese (IRR = 0.48, 95% CI: 0.40-0.59) and Filipina women (IRR = 0.74, 95% CI: 0.58-0.96) had significantly higher rates than those who were foreign-born; the opposite was observed for Japanese women (IRR = 1.55, 95% CI: 1.17-2.08). The age-specific patterns among all foreign-born Asian women and US-born Japanese women showed a slow steady increase in incidence until age 70. However, among US-born Asian women (except Japanese), substantially elevated incidence rates during the reproductive and menopausal years were evident. Conclusions Ethnic-and birthplace-variation in papillary thyroid cancer incidence can provide insight into the etiology of this increasingly common and understudied cancer.
Introduction
Despite its relative rarity among many population groups worldwide, thyroid cancer ranks among the five most commonly occurring cancers in some Asian female populations [1] [2] [3] . Papillary carcinoma (including its variant, mixed papillary/follicular) is the most common type of thyroid cancer accounting for up to 85% of all thyroid cancers, particularly in areas of iodine sufficiency; follicular carcinoma is more common in iodine deficient areas where endemic goiter is common [4, 5] . Papillary thyroid cancer is about three times more common in women than in men with the earliest diagnoses occurring around the time of puberty [5] . Two distinct patterns of age-specific papillary thyroid cancer incidence rates have been observed. In non-Hispanic (NH) white women, rates increase rapidly through the reproductive years, plateau through menopause and the 60 s, and decline steadily thereafter ( Fig. 1) [5, 6] . This pattern differs from that observed among men and NH black women, in whom, incidence rates are substantially lower and increase steadily with age, showing the same decline after age 70.
Age-adjusted incidence rates of thyroid cancer in Asian American women vary by ethnicity, with the highest rates observed among those of Southeast Asian ancestry (including Vietnamese, Cambodian, Filipina, and other ancestries) [1, 7, 8] . In the United States, incidence rates are significantly higher in Filipina women (17.7 per 100,000, 95% CI: 16.4-19.2) than in NH white women (11.8 per 100,000, 95% CI: 10.6-12.0) and elevated in US Vietnamese (13.3 per 100,000) and Kampuchean (Cambodian) women (13.4) [1] . Rates among US Chinese (10.0 per 100,000), Korean (9.8), Asian Indian/Pakistani, (8.3) , and Japanese (8.2) women are lower than among NH white women [1] . Among Asian women internationally, there is a more than 20-fold variation in the incidence of thyroid cancer [3] . In general, rates in Filipina and Chinese women residing in the United States are higher than their counterparts in the Philippines and China [3, 9] . The opposite is true for Korean women where rates in the United States are generally lower than those in Korea [3] .
Within an ethnic group, understanding how cancer rates vary with migration patterns can provide valuable insights into the etiology and prevention of that cancer. However, only a single paper has evaluated the incidence of thyroid cancer among US Asians by birthplace [10] . Using data from the US Surveillance, Epidemiology, and End Results (SEER) program for the period 1973-1986, those authors found that Chinese women born in the United States had papillary thyroid cancer incidence rates that were 42% higher than rates among those who were born in China and immigrated to the United States. Among Filipina and Japanese American women, the opposite pattern was observed; those born in the United States experienced rates 69 and 62%, respectively, lower than those born in Asia [10] . These estimates, however, may be somewhat biased since they rely on the random imputation of birthplace for between 15 and 27% of the ethnic-specific birthplace data. Because birthplace data are more likely to be missing for US-born persons than those who are foreign-born [11, 12] , comparisons that ignore this information may introduce bias. To overcome this limitation, we augmented data from the California Cancer Registry through imputation of immigrant status based on patients' Social Security numbers (SSN) for cancer cases with missing birthplace and used robust demographic methods to compute corresponding population estimates. Using these enhanced surveillance data, the present analysis examines the effects of birthplace on papillary thyroid cancer rates in five ethnic groups of Asian women residing in California during the period 1988-2004.
Materials and Methods
Cancer incidence data for this analysis were obtained from the California Cancer Registry (CCR), which is part of the National Cancer Institute's SEER Program and adheres to the highest quality standards. Reporting of cancer cases to the CCR is mandated by state law, and data sharing agreements with 13 states yield an estimated completeness rate exceeding 98 percent. Women with thyroid cancer (International Classification of Diseases for Oncology version 3 (ICD-O-3) site code C73.9) were included in the present analysis if they were diagnosed between 1 January 1988 and 31 December 2004, were residents of California at the time of diagnosis, were diagnosed with an invasive tumor of papillary or mixed papillary-follicular histology (ICD-O-3 histology codes 8050, 8260, or 8340-8344), and were Japanese (n = 219), Chinese (n = 623), Korean (n = 255), Vietnamese (n = 370), or Filipina (n = 1,100). Also included for comparison are non-Hispanic white (n = 12,045) and non-Hispanic black (n = 659) women meeting these same criteria.
Information on birthplace is routinely collected by the CCR from hospital medical records and death certificates. Our prior research shows that these data, when available, are highly accurate at the level of US-and foreign-born [11, 13] ; however, the completeness of these data is less than optimal. Among Asian women in the present analysis, medical record information regarding a specific birthplace was available for 67% of women (ranging from 60% among Chinese to 78% among Koreans) with death certificate information on birthplace available for an additional 1%. For women whose birthplace was not available from these two sources, we used the first five digits of the SSN to impute birthplace; these first five digits correspond with the year of issuance. Women whose SSN was issued prior to age 25 were assumed to be US-born, while women who were age 25 or older at issuance were assumed to be born outside the United States [14, 15] . This age cut-point was determined based on a comparison with self-reported birthplace derived from a series of epidemiologic studies of cancer patients [11] , and maximizes predictive value and minimizes misclassification as determined by examining receiver operating characteristic curves, which plots sensitivity by (1-specificity). Using this method, the age cutpoint was the same across Asian ethnic subgroups. The single age cut-point was also confirmed by using a logistic regression model with age at SSN issue as a continuous predictor of foreign-born status. Thirty percent (ranging from 19% among Koreans to 37% among Chinese) of the birthplace data were determined by this method. For the remaining 2% of women for whom SSN information was not available, birthplace was randomly assigned based on ethnic-and birthplace-specific distributions of all cancer cases reported to the registry. Population estimates by sex, ethnicity, and five-year age groups were obtained from the 1990 and 2000 Census Summary Files 3 (SF-3) for the state of California. Data from the 20% Integrated Public-Use Microdata Sample (IPUMS) of the censuses were used to estimate the percent of foreign-born persons, by age, for each sex and ethnic subgroup; estimates were smoothed using the smooth spline function in the R statistical software package [16] [17] [18] [19] . For intercensal years, the percent of foreign-born persons was estimated using linear interpolation and extrapolation methods. Estimates were adjusted to match total population estimates, by age and year, as provided by the California Department of Finance (for years [1988] [1989] ) and the US Census (for years [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] .
California data were uploaded into SEER*Stat software [20] which was used to compute age-adjusted and agespecific incidence rates per 100,000 women, standardized to the 2000 US standard million population, and 95% confidence intervals (CI). Incidence rate ratios (IRR) and corresponding CIs were calculated to compare incidence rates for foreign-born compared to US-born women.
Results
For women diagnosed with thyroid cancer during the 1988-2004 study period, the proportions born in the United States were 29% for Chinese, 44% for Japanese, 13% for Filipina, 9% for Korean, and 16% for Vietnamese. By comparison, for the general female California population, the proportions were: 30% for Chinese, 60% for Japanese, 29% for Filipina, 21% for Korean, and 23% for Vietnamese. Among these five Asian ethnic groups, age-adjusted papillary thyroid cancer incidence rates varied 2.2-fold, from 6.18 per 100,000 (95% CI: 5.37-7.08) for Japanese women to 13.70 per 100,000 (95% CI: 12.89-14.54) for Filipina women (Table 1) . Vietnamese and Filipina women experienced incidence rates that were significantly greater than women in the other three Asian ethnic groups and NH white women (8.01 per 100,000). Women in all Asian ethnic groups experienced rates that were substantially greater than those observed among NH black women (3.73 per 100,000).
Japanese women born outside the United States had a significantly higher rate of thyroid cancer than US-born Japanese women (IRR = 1.55, 95% CI: 1.17-2.08), whereas the opposite pattern was observed among Chinese (IRR = 0.48, 95% CI: 0.40-0.59) and Filipina women (IRR = 0.74, 95% CI: 0.58-0.96), among whom US-born women had significantly higher thyroid cancer rates (Table 2) . US-born Korean women also experienced a higher incidence of thyroid cancer than foreign-born women; however, this difference was not statistically significant. A similar pattern was observed for Vietnamese women but the rate among those born in the United States was unstable due to the small number of cases and is not shown. Figure 2 illustrates age-specific incidence rates for USand foreign-born women by ethnic group. For Japanese women, the age-specific patterns among both US-and foreign-born were similar with a slow steady increase in rates until age 70, followed by a decline. For Chinese, Korean, Vietnamese (data not shown), and Filipina women born outside the United States, we saw a similar pattern of increasing incidence until age 70, after which rates declined. However, among women from the same ethnic groups but born in the United States, we observed a substantially elevated incidence during the reproductive and menopausal years. The age-specific incidence rates for USborn Chinese women age 20-59 are statistically significantly greater than those observed for foreign-born Chinese women. For Korean and Filipina women, incidence rates among US-born (compared to foreign-born) women were significantly higher for the 30-49-year-old age groups.
Discussion
In the present study, we found marked differences in the age-specific incidence of papillary thyroid cancer Among foreign-born women, rates increased until about age 70 and declined thereafter. In US-born women, incidence rates peaked during the reproductive years and for Chinese women, plateaued during the menopausal period, mirroring the pattern seen in NH white women. The difference in age-specific patterns between immigrants and subsequent generations suggests that modifiable early and young-adult exposures, particularly those specific to immigration and acculturation of these Asian ethnic groups (e.g., goitrogenic exposures, diet, body size, and menstrual and reproductive events), may have a strong influence on the development of papillary thyroid cancer. In Japanese women, the incidence patterns were similar for US-and foreign-born women and followed the pattern observed for men and NH black women. Different incidence patterns between US-born Japanese and other US-born Asian women may reflect dissimilarities in migration patterns, acculturation, or culture-specific exposures and behaviors; however, we have no specific hypothesis at present as to specifically what these factors may be. Differences in the prevalence of immigration-and acculturation-specific exposures and life events in young Asian American women and their correspondence with the observed incidence rates may provide clues as to the relative importance of various exposures in influencing disease risk. A case-control study of breast cancer among young (age\56) Chinese, Japanese, and Filipina women in California and Hawaii examined differences in risk factors among controls by birthplace and migration patterns. In that study, the prevalence of early (age B12) menarche was substantially higher in US-born Asian women (and young white women from a comparable study) than in foreignborn Asian American women [21] . Weight and body mass index (BMI) were also found to be significantly higher in US-born than foreign-born Asian women [22] . The relationship between age at menarche and papillary thyroid cancer risk has proven to be complex, with possible modification by race and age [6] ; however, it appears to be an important thyroid cancer risk factor [6, 23] . Greater BMI has been fairly consistently associated with increased risk [24] [25] [26] [27] [28] . Reproductive history has also been increasingly implicated in the etiology of thyroid cancer. Parous women are at greater risk of thyroid cancer than nulliparous women [6, 23, 29] . Among the Asian American controls in the previous breast cancer study, US-born women and those immigrating to the United States before age 36 were more likely to be parous than older immigrants [21] . Age at first full-term pregnancy has not been associated with thyroid cancer risk in most studies [23, 27, 30, 31] , nor did it differ by nativity or age at immigration in the previous case-control study [21] . Age at last full-term pregnancy and recency of the last pregnancy have both been associated with thyroid cancer risk [6, 27, 29] ; however, we have no data on how these factors differ by nativity and immigration status. Thus, it may be these later aspects of reproductive history that are influencing the birthplacespecific incidence patterns we observe. Ethnic and nativity differences in incidence patterns may also be related to differences in sex steroid hormone levels. Populations which experience low thyroid cancer rates during early and mid-adulthood (i.e., men, black women, and foreign-born Asian women), tend to have higher androgen levels (overall, premenopausally, or during pregnancy) than white women and US-born Asian women [22, [32] [33] [34] . In addition, estrogen levels have been observed to be 50% lower among the least westernized Asian women residing in the United States compared to 3rd generation US-born Asian women [22] . While a hypothesis of high estrogen levels being associated with the higher thyroid cancer rates among young women is not consistent with the higher total and free estradiol levels that have been observed among black compared to white women [33, 34] , one study found no black-white difference in estrogen levels during pregnancy [32] , perhaps suggesting that a relatively greater transient increase in estrogen levels during this critical period may somehow play a role in the increase incidence rates. However, while the availability of these limited observations may provide clues to the role of hormones and menstrual and reproductive history in thyroid cancer etiology, further research is clearly needed to understand the complex relationships between these exposures and the observed differences in ethnic-and birthplace-specific papillary thyroid cancer incidence rate patterns.
We also found significantly higher age-adjusted incidence rates among US-born Chinese and Filipina women compared to their foreign-born counterparts, whereas the converse was true among Japanese. The only previous study to examine these associations found a similar pattern among Japanese (i.e., higher rates in foreign-born) and Chinese women (i.e., higher rates in US-born; albeit a much less pronounced difference than we observed) but the opposite among Filipina women (i.e., higher rates among foreign-born) [10] . This discrepancy may be explained by the different time periods and regional populations included in the studies. The present study covered a period, on average, 16 years later than the study by Rossing et al. [10] , and included a substantially larger and perhaps more homogeneous population in terms of immigration, whereas the study by Rossing et al. [10] included populations from Hawaii, the San Francisco Bay Area, and western Washington. However, the discrepancies are also likely to result, at least in part, from methodological differences. Rossing et al. [10] randomly imputed birthplace for the 19% of Asian cancer cases who had unknown birthplace (compared to 2% random imputation in the present study), thereby assuming the same birthplace distribution for women with missing data as for those with known data, taking into account age, race, and area of residence. However, our research has shown that cancer cases with missing birthplace data are more likely to be alive, of younger age, and US-born than those with known data, and thus, random imputation of birthplace will underestimate rates in US-born and overestimate them in foreign-born persons [11, 13, 35, 36] . Indeed, our rates for US-born Chinese and Filipina women were substantially higher than those observed in the previous study and our rates for foreign-born Japanese and Filipina women were substantially lower.
The state of California has the largest and fastestgrowing Asian population in the nation [37] , as well as anywhere outside of Asia, making our enhanced population-based cancer surveillance data a powerful resource for examining patterns of cancer among racial/ethnic groups by immigration status. Understanding the factors influencing the differences in the ethnic-and birthplace-specific incidence patterns of thyroid and other cancers is important for cancer prevention efforts. The present study of these differences is based on a validated imputation method and uses a substantially larger population-based sample than was used in the previous report [10] , resulting in more precise rate estimates. Nonetheless, data are still imputed for 30% of cancer cases, and while an improvement over prior imputation methods, our method, with sensitivity and specificity of 84 and 80%, respectively, still results in some misclassification. In addition, despite the large population, some rates could not be precisely estimated due to the small number of cases in some age-specific US-born ethnic groups. These age-specific patterns, however, have not been previously reported by birthplace and provide Cancer Causes Control (2011) 22:479-485 483 important insight into the incidence of papillary thyroid cancer. In summary, we used enhanced surveillance data to examine the influence of birthplace on papillary thyroid cancer incidence rates in Asian women residing in California. We observed that the pattern of age-specific rates is strongly influenced by both ethnicity and birthplace, with most US-born Asian women having a substantially increased incidence of this cancer during early and mid-adult life. Further research is needed to elucidate how immigration and acculturation experiences influence other life events and exposures which may account for these elevated rates as this will be critical for cancer prevention efforts.
